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Life Cycle Analysis

The Life Cycle Analysis of

a building is the process H LANDFILL
of accounting for the im- REUSE

pacts of the building result- wauracrurne g ses
ing from the materials and
processes associated with
the production, use, and

recycle/reuse/or disposal
of the building at the end

TRANSPORTATION
of it's life. This includes
harvesting raw materials,
INSTALLATION USE

manufacturing of products,

transportation of materials Source: apartmenttherapy.com
and products, assembly into a structure, maintenance and operations
during use, and disposal at the end of it's useful life.

DISPOSAL

MAINTENAMNCE

LCA is a way of quantifying and analyzing many different factors
which affect the human environment, one of which is embodied en-
ergy. Embodied Energy of a building is defined as the total energy
input consumed during the life cycle of the materials and products
of the building. A life cycle analysis could also include factors like
CO2 emissions, ozone depletion, and/or human respiratory effects to
name a few. Currently, there are a number of sources which are pro-
ducing life cycle data. Unfortunately, there is no standard by which
these values are weighted so conflicting data exists.

Assembly Options

Foundation Assemblies

1 - CIP concrete

4" poured concrete slab
Cast-in-place concrete foundation
R-7.5 continuous insulation

Poured concrete footing

| 2-CMU

4" poured concrete slab
Concrete block foundation
| R-7.5 continuous insulation
| Poured concrete footing

Transportation Sector Industrial Sector Demolition Construction
33% 27% 85% 15%

U.S. Building Sector Waste

Walmart by the Numbers

2011 Sales in the U.S.:
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The Athena Sustainable Materials Institute (www.athenamsi.ca) is a g
Canadian not-for profit whose objective is “to foster sustainability of the ATHENA® ToTAL IMPACTS BY BunLOmG | Consampion | Resouce se | o SV | P e Rl el |
built environment, by meeting the building community’s need for bet- EcoCalculator o | Tome | Tom | e |fmEre) O [
ter information and tools that allow environmental considerations to be . : INTERIOR WALLS| 1,265,013 85 54 17,860 138 11,440
for commercial assemblies
factored IntO the deSIgn proceSS" WHOLE BUILDING TOTAL] 127,755,397 24,191 8,684 3,563,301 18,313 2,156,909
o . IN THE YELLOW CELLS BELOW, ENTER THE AMOUNT OF SQUARE FOOTAGE THAT EACH ASSEMBLY USES IN YOUR BUILDING
The EcoCalculator Software, used in this project, was created by the ASSEMBLY TYPE e I e e e Wi e
. . . 5 . Peroen[ageo total | Consum, prion per ft =2 per It otential per fr otential per ft X 'otential per ft
Athena Institute as a free spreadsheet software available by download (aypboard and paint are on BOTH SIDES of the imeror walls) | foorege s ) lglized | imolscitied) | pupsey | (moNed
. . . Average across interior walls: 75.07 9.11 4.96 1.42 13.45 730
on their website. The software analyzes 7 assembly categories for 8 . [2x¢ Wood stud wall 16" o.c.
different impact measurements (see right). It references data that the % ypoun board - 2 conts Latex palt L LAl 58369 L5 %64 234 ==
Athena institute has completed as well as the National Renewable En- ?_|5/8" Gypsum board + 2 coats Latex pant 0.0 084 52729 141 0.63 987 266
, 2x4 Wood stud wall 24" o.c.
ergy Laboratory’s (NREL) research and data. For each category, the user 3 |2 575" Gypsum board + 2 coss Latex paint 00 asas 79259 230 1os| 1310 389
. . . 1-5/8" x 3-5/8" Steel stud 16" o.c.
inputs the area or volumg associated with thgt assembly. The last tab 4 | ra Gymsim bomrd + 2 couts Latex sant 0o S L4 07e 1043 et
summarizes the results with graphs for each impact measurement. 5 [1-5/8"x3-5/8" Steelstud 24" o.c.
5/8" Gypsum board + 2 coats Latex paint 0.0 35.40 4.3300 1.78 0.71 10.24 449
o [rras i sedsudaroc 3
The Software does have some IImltatlonS It IS ||m|ted N the ‘types Of » M| How-To .~ Foundations & Footings .~ Colurnns & Beams - Intermediate Floors - Exterior Wals -~ Windows | Interior Walls . Roofs . Summary -~ #2 [N m

materials and construction assemblies to choose from. Any material

that is relatively new or unique is not included. You can not edit/add assemblies to the
spreadsheet; you may only use what they provide. The software also makes a number of
assumptions. For example, column heights are set to 10 ft with bays of 30" x 30’

Assembly Categories
Foundations and Footings
Columns and Beams
Intermediate Floors

Exterior Walls
Windows
Interior Walls

Impact Measurements

Energy Consumption

Material Resource Use

Global Warming Potential

Acidification Potential

Human Health Respiratory Effect Potential
Aquatic Eutrophication Potential

Roofs Ozone Depletion Potential
Smog Potential
Columns Interior Wall Assemblies Exterior Wall Assemblies Exterior Wall Assemblies
1 - Wood Stud Structure Cladding

Gyp. Bd. + Paint

2x4 Wood Stud 24" o.c.
w/ Cavity Insulation
Gyp. Bd. + Paint

1 - Concrete

2 - Glulam 2 - Steel Stud

Gyp. Bd. + Paint

2x4 Steel Stud 24" o.c.
w/ Cavity Insulation
Gyp. Bd. + Paint

3-CMU
6" Concrete Block

3-LVL

S

© 4 - Hollow Structural Section

I 5 - Wide Flange

1-CMU
Brick Cladding

Continuous Insulation
8" CMU

2 - CIP concrete

Brick Cladding
Continuous Insulation
6" Cast-In-Place Concrete

3 -Tilt Up

Brick Cladding
Continuous Insulation
8" Concrete Tilt Up

4 - ICF

Brick Cladding

Insulated Concrete Form
Gyp. Bd. + Paint

5 - Steel Stud

Brick Cladding
Continuous Insulation
2x4 Steel Stud, 24" o.c.
Cavity Insulation

Gyp. Bd. + Paint

6 - Wood Stud

Brick Cladding

Wood Sheathing

2x6 Wood Stud, 24" o.c
Cavity Insulation

Gyp. Bd. + Paint

7 - SIPs

Brick Cladding
5.5” SIPs

Gyp. Bd. + Paint

=| 1 - Brick

1| Brick Cladding

]| Continuous Insulation

1| Steel Stud w/ Cavity Insulation
| Gyp. Bd. + Paint

2 - Steel

Steel Cladding

Continuous Insulation

Steel Stud w/ Cavity Insulation
Gyp. Bd. + Paint

]| 3 - Stucco

1 Stucco Cladding

| Continuous Insulation

| Steel Stud w/ Cavity Insulation
| Gyp. Bd. + Paint

4 - Vinyl Cladding

Vinyl Cladding

Continuous Insulation

Steel Stud w/ Cavity Insulation
Gyp. Bd. + Paint

=1l 5 - Wood Cladding

1| Wood Cladding

4 Continuous Insulation

| Steel Stud w/ Cavity Insulation
— Gyp. Bd. + Paint

=] 6 - EIFS

~1| EIFS

| Continuous Insulation

| Steel Stud w/ Cavity Insulation
—| Gyp. Bd. + Paint

| 7 - Precast Concrete
Il Precast Concrete Cladding
| Continuous Insulation
| Steel Stud w/ Cavity Insulation
= Gyp. Bd. + Paint

Typical Walmart Supercenter

H H H H
15

ormance for Construction of Big Box Retail

Floor/Roof Area:
Exterior Wall Surface Area:

Foundation Wall Surface Area:
Footing Volume:
Interior Wall Surface Area:

8,464 sf
3,230 cf
188,019 sf
205,318 sf
6,540 sf

Current Walmart Supercenter Construction

Roof Construction

188,019 sf
EPDM Membrane

R-20 cont. rigid insulation (4") +

polyethylene membrane

Open-web steel joist w/ steel decking

5%
| 4

|t snnnend

]

Interior Columns

10" square HSS

Interior Wall Construction 25% foundations
6,540 sf
6" CMU
2 coats latex paint RESOURCE
CONSUMPTION
23,990 tonnes
Floor Slab
188,019 sf 11% roof
4" poured concrete slab 0% interior walls

1 Foundations and Footings:
| 205318 sf/ 3,230 cf

" CIP concrete

R-7.5 XPS insulation (1.5")

Roof Assemblies
Structure

B 1 - Precast Hollow Core Concrete

= EPDM over Continuous Insulation
Precast Hollow Core Concrete
Latex Paint

2 - Precast Concrete Double-T
EPDM over Continuous Insulation
Precast Concrete Double T
Latex Paint

Bl 3 - Suspended Concrete Slab

— EPDM over Continuous Insulation
Suspended Concrete Slab

Latex Paint

4 - Open Web Stl Joist w/ Stl Deck

EPDM over Continuous Insulation
Open Web Stl Joist w/ Stl Deck

5 - Open Web Stl Joist w/ Wd Deck

EPDM over Continuous Insulation
Open Web Stl Joist w/ Wd Deck

6 - Glulam Joist w/ Plank Deck

EPDM over Continuous Insulation
Glulam Joist w/ Plank Deck

7 - Wood I-Joist w/ Wood Deck
EPDM over Continuous Insulation
Wood I-Joist w/ Wood Deck

FOSSIL FUEL

59%

CONSUMPTION
125,350,941 MJ

39% roof
1% interior walls

41% exterior walls
6% columns (and beams)

§ 13% foundations
g Exterior Wall Construction
205,318 sf GLOBAL WARMING
4" Face brick POTENTIAL
Air Space 8,472 tonnes CO»
g" é?\?b rigid insulation 250, roof
1% interior walls

45% exterior walls
4% columns (and beams)

27% exterior walls
3% columns (and beams)

foundations

Roof Assemblies
Membranes

8 - Solid Wood Joist w/ Wood Deck
EPDM over Continuous Insulation
Solid Wood Joist w/ Wood Deck

e 9 - Flat Wood Truss w/ Wood Deck

EPDM over Continuous Insulation
Flat Wood Truss w/ Wood Deck

AN

1 - EPDM Membrane

EPDM Membrane
Continuous Insulation
Open Web Stl Joist w/ Stl Deck

2 - PVC Membrane

PVC Membrane
Continuous Insulation
Open Web Stl Joist w/ Stl Deck

3 - Mod Bitumen Membrane

Mod Bitumen Membrane
Continuous Insulation
Open Web Stl Joist w/ Stl Deck

4 - 4-Ply Built Up Roof
4-Ply Built Up Roof
Continuous Insulation
Open Web Stl Joist w/ Stl Deck



Assembly LCA data

Foundation Assemblies Columns Interior Wall Assemblies Exterior Wall Assemblies Exterior Wall Assemblies Roof Assemblies Roof Assemblies
Structure Cladding Structure Membranes
NOTES: NOTES: NOTES: NOTES: NOTES: NOTES: NOTES:

Insulation data based on CIP foundation. Data based on load bearing exterior wall values *Gyp. Bd. + Paint on interior

**studs 16" o.c.

Comparison based on brick cladding values
*Gyp. Bd. + Paint on interior
**studs 16" o.c.

Comparison based on metal stud values Comparison based on values for EPDM
membrane over continuous rigid insulation

*Gyp. Bd. + Paint on interior

Comparison based on values for rigid insulation on
metal decking.
Only flat roof options are considered.

207.04* 264.15

Structure Insulation 74.34 19343 249.68
326.72 241.91 462.63
158.45* 17e2st 153.33*
40.40 39.55 132.25%  143.98  155.67 227.86 173.40 o g0 159.81 148.43%153.33" 144 30* 145.91* 145.81"
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0 81.92 .
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. Stud Stud
15.26
14.37
6.33 19.38*
18.74 17.81
14.72* 17.58 20.95
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. Stud Stud
15.69
31.98 = 82.53%  ggs5)
80.75
66.74 65.1 99.36 27.00
64.96 .
[ ]
Welg hted 61.65 61.65 61.57 gi? o 33.43% 0.0 . . 13.63 23
: 1o 31.65 2579 2948 : 2443 2376 27.29 . - ) 10.32 :
Resource Use - 1487 113 ~ 032 o33t | meg 1241 23 1300°
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Results: Construction Type Comparisons

Lowest EcoCalculator Values Condition
All Wood Construction

1l

Current Walmart Construction
Baseline

Brick retains exterior aesthetic of existing assembly

Interior is wood structure
=i

Retains interior and exterior aesthetic of existing
Metal stud interior walls and CIP exterior structure

JEE
Roof Construction
EPDM Membrane

bl G ] )
R-20 cont. insulation + polyethylene membrane

gg Roof Construction

‘ EPDM Membrane

R-20 cont. rigid insulation (4") +
polyethylene membrane

Roof Construction
EPDM Membrane
R-20 cont. insulation + polyethylene membrane

Roof Construction
EPDM Membrane
R-20 cont. insulation + polyethylene membrane

Open-web steel joist w/ steel decking Flat wood truss with wood decking Flat wood truss with wood decking Open-web steel joist w/ steel decking
/ 52,339,762 MJ NS 62,650,978 MJ 80,697,516 MJ
125,350,941 MJ FOSSIL FUEL | FOSSILFUEL \V FOSSIL FUEL
FOSSIL FUEL CONSUMPTION CONSUMPTION CONSUMPTION
CONSUMPTION Exterior Wall Construction 58.2% reduction Exterior Wall Construction 50% reduction 36% reduction
Wood Cladding 4" Face Brick . Exterior Wall Construction
Exterior Wall Construction Wood structural pnl sheathing 3 680 t co Wood structural pnl sheathing 4,257 tonnes CO7 4" Face Brick 6,072 tonnes CO>
4" Face brick 8,472 tonnes CO2 2x6 wood stud, 24" o.c. ' onnes -2 2x6 wood stud, 24" o.c. GLOBAL WARMING Air Space GLOBAL WARMING
GLOBAL WARMING o -
Air Space GLOBAL WARMING R-19 cavity insulation POTENTIAL R-19 cavity msula’qon POTENTIAL 2" cont. rigid insulation POTENTIAL
2" cont. rigid insulation POTENTIAL Gyp bd + latex paint 56.6% reduction Gyp bd + latex paint 50% reduction 6" Cast-In-Place Concrete 28% reduction
8" CMU o :
% Interior Columns Interior Columns Interior Columns
| Interior Columns 23,930 tonnes LVL 21,539 tonnes LVL 24,092 tonnes e 30,148 tonnes
10" square HSS RESOURCE RESOURCE . . RESOURCE ) ) RESOURCE
CONSUMPTION Interior Wall Construction Interior Wall Construction CONSUMPTION Interior Wall Construction CONSUMPTION
% Interior Wall Construction Gyp bd + latex paint CONOSUMPT!ON Gyp bd + latex paint 0.43% increase Gyp bd + latex paint 26% increase
6" CMU 2x4 wood stud, 24" o.c. 10.2% reduction 2x4 wood stud, 24" o.c. 2x4 steel stud, 24" o.c.
2 coats latex paint Gyp bd + latex paint Gyp bd + latex paint Gyp bd + latex paint

Floor Slab ¢

4" poured concrete slab

Foundations and Footings:
CIP concrete foundation
R-7.5 XPS insulation (1.5")

Fossil Fuel
Consumption
(MJ/sf)

What impact would
Walmart have if they
switched to one of these

constructions?

Global Warming
Potential

They would be able to... ;o2 eq /)

*based on 110 supercenters per annum Weig hted
**each icon equals 5,000 units Resource Use
(kg/sf)

L Floor Slab
4" poured concrete slab

Foundations and Footings:
CIP concrete foundation
R-7.5 EPS insulation (1.5")

..power 195,800 houses (8 million MJ annually)
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..remove 70,290 cars from the road (527,100 tonnes CO2 eq annually)
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..reduce by 39,600 elephants (269,600 tonnes of waste annually)
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Floor Slab
4" poured concrete slab

Foundations and Footings:
CIP concrete foundation
R-7.5 EPS insulation (1.5")
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,219 Ouses (6.9 million MJ annually)

O

ZEE!
ZEE!
ZEE!
ZEE!
ZEE!
ZEE!
ZEE!
ZEE!
ZEE!
ZEE!

..remove 61,820 cars from the road 463,650 tonnes CO2 eq annually)
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...Increase by 1,650 elephants (+11,220 tonnes of waste annually)
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Floor Slab

i 4" poured concrete slab

Foundations and Footings:
CIP concrete foundation
R-7.5 EPS insulation (1.5")

...pOWEr 119,802 houses (4.9 million MJ annually)
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..remove 35,200 cars from the road (264,000 tonnes CO2 eq annually)
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...Increase by 99,615 elephants (+677,400 tonnes of waste annually)
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